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DA$NE e + e~ collider is an abundant source of low energy KK pairs suitable to explore 
different fields of non perturbative QCD regime. Two different experiments, DEAR and 
FINUDA, using different experimental techniques are trying to shed new light on the strong 
interaction at the nucleon scale by producing high precision results at this energy range. The 
DEAR experiment is studying kaonic atoms in order to determine antikaon-nucleon scattering 
lengths. FINUDA aims to produce hypernuclei to study nuclear structure and A-N interaction. 



1 The DA$NE ^-factory 



da$new is a positron/electron collider working at the energy of the <3? resonance (1.02 GeV 
cm.). This resonance decays mainly into low energy (~ 16 MeV) KK pairs that can be used to 
perform different physics studies. The DA<I>NE machine has two interactions regions (IR1, IR2) 
where three experiments take place: the KLOE one is installed in IR1, DEAR and FINUDA 
experiments are sharing IR2. 

DA<£NE has been designed to provide high luminosity in order to allow precise studies of rare 
phenomena such as CP violation in the KK system, and rare kaon decay studies. Furthermore, 
this characteristic turns out to be very useful to explore many experimental physics fields. 

After the commissioning phase, DA<£NE started delivering luminosity to the KLOE and 
DEAR experiments. Fig. ^ shows the plots of the delivered luminosity in the period 2000-2002 
together with some relevant machine design parameters. The DA<I>NE performances improved 
considerably during the last year. At present the collider has reached a peak luminosity of 0.8 
•10 32 while the daily integrated luminosity is ~ 4 pb" 1 allowing the experiments to produce 
good quality data. 
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Single beam energy 


0.51 GeV 


Number of particles per bunch 


8.9xl0 10 


Number of bunches per ring 


up to 120 


Crossing frequency 


up to 368.25 MHz 


Horizontal emittance 


1 .0 mm.mrad 


Vertical emittance 


0.01 mm.mrad 


Horizontal beta function at crossing 


4.5 m 


Vertical beta function at crossing 


0.045 m 


Total crossing angle in the horizontal plane 


20 to 30 mrad 


Horizontal beam-beam tune shift per 


0.04 


Vertical beam-beam tune shift per crossing 


0.04 


Bunch length 


30 mm r.m.s. 


Horizontal beam size at crossing 


2.0 mm r.m.s 


Vertical beam size at crossing 


0.02 mm r.m.s. 


Maximum stored current per ring 


5.2 A 


Maximum luminosity 


5.3xl0 32 cm -2 s" 1 



Figure 1: Plots of the luminosity delivered by DA$NE to the experiments in the period 2000-2002. The table on 

the right shows some relevant machine parameters. 



2 The DEAR experiment 

DEAR (DA<I>NE Exotic Atom Research) ^ aims to evaluate precisely the isospin dependent 
antikaon-nucleon scattering lengths. This is done by measuring the strong interaction shifts and 
widths of the x-ray lines emitted in the transitions to the ground levels of kaonic hydrogen and 
kaonic deuterium atoms^. When a negative kaon enters the target, it can loose some energy 
through ionization and excitation processes of the atoms and molecules of the medium. When its 
kinetic energy is very low, it can eventually form a hydrogen-like atom by replacing an electron 
in an excited state. The newly formed atom can deexcite by means of three different processes: 
dissociation of the surrounding molecules, external Auger transitions, and radiative transitions. 
When the kaon reaches the low-n states, it suffers strong interactions with the nucleus which 
produce a shift of the energy of the low- lying levels from the pure electromagnetic values. On 
the other hand, the decreased lifetime of the levels result in an increase of the observed levels 
width. The shift e and the width T of the Is state of kaonic hydrogen/deuterium are related in 
a fairly model-independent way to the isospin dependent scattering lengths. The measurement 
performed by DEAR is then crucial, since an accurate determination of these parameters will 
define better the K~-N dynamics placing strong constrains to the SU(3) description of the chiral 
symmetry breaking (see'"' for more theoretical details) . 



2.1 The experimental setup 

The scientific program of DEAR consists of two phases. During phase one, the cryogenic target, 
is filled with pure nitrogen at 85 K resulting in a density of about 4.4 times the NTP one. The 
purposes of these preliminary kaonic nitrogen measurements are the background level evaluation 
and reduction, the test of the reliability of the MonteCarlo simulation code, and the tuning of 
the degrader thickness placed at the entrance of the target. Nitrogen has been chosen in order to 
have a faster feedback on the detector capabilities since the yield of the signal of kaonic nitrogen 
is almost 10 time greater than that of kaonic hydrogen. 

When the detector setup has been optimized the experiment moves to phase two to perform 
the measurements on kaonic hydrogen. The target temperature has been set to 23 K and 
the pressure to 1.82 bar. At these working conditions the hydrogen density is 3.1% of liquid 



hydrogen. This setup has been chosen as a compromise to enhance the atom production yield 
without destroying the x-ray signal. 

To detect the x rays with high resolution and efficiency, 16 CCD detectors are placed all 
around the target. The CCDs are essentially silicon-based MOS devices with a pixel structure. 
CCDs are ideal for a wide range of applications in the energy range from few eV up to 20 KeV 
because, apart from high energy resolution, they provide a very good charged particles and 7's 
background rejection (~ 10 -5 ). DEAR CCDs have a thermal noise FWHM of 15 eV, and an 
energy resolution at 5.9 KeV (Mn K a line) of 136 eV FWHM. CCDs cannot be triggered and 
an x-ray signal is recognized in a topological way as an isolated hit pixel. On the contrary, the 
energy lost by charge particles, neutrons and gammas is normally distributed over several pixels. 



2.2 Preliminary results 

During year 2002 DEAR had two run periods: the first one was performed with the nitrogen 
target setup in order to study and reduce the background, and to measure kaonic nitrogen; the 
second was dedicated to the measurements on kaonic hydrogen. 

At DA<I>NE the main source of background is the Touschek effect, an elastic scattering among 
the particles of the same bunch. This effect produce a broadening of the momentum distribution 
of the bunch making some particles of the beam to go out of the machine acceptance. The CCD 
detectors cannot be triggered, and thus the lost particles can disturb the measurements. Great 
efforts have been done to tune the machine parameters to reduce this background, and further- 
more, different shielding materials have been placed all around the DEAR detector. Nevertheless, 
a high background is still present. Fig. 2 shows the x-ray spectrum obtained integrating 10 pb _1 
on the nitrogen target without (left) and with (right) the background subtraction. Several x-ray 
lines are clearly observed: the two lines at 4.6 KeV and 7.6 KeV correspond to kaonic nitrogen 
transitions; the other ones are due to electronic x-ray transitions inside the materials present in 
the setup. This extra lines are useful to calibrate the absolute energy scale. 
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Figure 2: X-ray spectra obtained with the NTP nitrogen setup, (left) Complete spectrum; (right) background 

subtracted spectrum. 



Fig. 3 is the preliminary result of the analysis of 20 pb taken with the hydrogen setup. 
In the background subtracted spectrum (right) are visible hints of kaonic hydrogen x-rays tran- 
sitions. 

At present, the data analysis of all the 58 pb -1 taken with hydrogen is in progress. Pure 
background data are also under analysis in order to eliminate from the spectrum any spurious 
signal not coming from kaonic hydrogen. The expected precision to be obtained on the shift of 
the K a line of kaonic hydrogen is around 15%. 
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Figure 3: X-ray spectra obtained with the cryogenic hydrogen setup, (left) Complete spectrum; (right) background 

subtracted spectrum. 



The experiment long term plans foresee to replace the CCDs with silicon drift detectors. 
These devices have a similar energy resolution, and moreover can be triggered, allowing an 
on-line background reduction. With the new detector setup a new set of measurements with 
nitrogen, hydrogen and deuterium will be performed in the next years. The goal is to reach a 
percent level precision on antikaon-proton and antikaon-neutron scattering lengths. 

3 The FINUDA experiment 

On January 2003 the DEAR detector has been moved out from DA<I>NE IR2 and a new exper- 
iment FINUDA (FIsica NUcleare a DA<1>NE) has been installed in place of it. FINUDA^ will 
start the data taking during the summer of 2003 in order to study AN interactions by means 
of hypernuclei. An hypernucleus is a nuclear system in which a neutron has been replaced by a 
A hyperon. At DA<I>NE this will be obtained by stopping the negative kaons from the decay 
into a thin (~ 0.1 g/cm 2 ) nuclear target. In the past hypernuclear physics has probably reached 
its best result in proving the validity of the nuclear shell model not only on the nuclear surface, 
but also deeply inside the nuclear matter. This allowed to elaborate combined precise models of 
N — N and A — N interactions for which today the main terms are known with good precision. 
On the other hand, spin-spin and spin-orbit contributions are still not so well determined, and 
new high quality data can help the work of the theoreticians. Furthermore, the investigation of 
non-mesonic hypernuclear decays, AN — > NN, allow to study the four-fermions, strangeness- 
changing weak process, hardly achievable with other experimental techniques. Whether the 
Al = 1/2 rule, which governs free A decay, also applies to the non-mesonic decays remain an 
open problem. For a recent review of the main topics related to the hypernuclear physics field 
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